Since the launch of the first Oculus Developer Kit in 2013, consumer and commercial adoption of VR and AR technology has arrived beyond the early-adopter stage. This widespread availability of VR and AR headsets raises challenging and exciting questions for researchers in the field of embodied interaction: how do we design embodied interactions in VR? Can we improve (social) sensemaking beyond the natural body? What new opportunities for embodied interaction have presented themselves, thanks to this new technology, and how can we best use them? To address these questions, my research focuses on designing new interactions with VR systems that go beyond the (digital) gaming context, especially including tangible interactions from new and unusual perspectives, made possible by the new developments in the field of VR technologies. In my thesis, I aspire to present a Permission to make digital framework of embodied sensemaking informed by new and unusual perspectives, enabled by virtual reality technology, developed in a Research through Design process.
INTRODUCTION
After a first, research-and industrial development-driven wave of VR development between 1960 and 1980, and a second wave of consumer product-driven VR development between 1990 and 2000, the third wave of virtual reality development is well underway [11] . The rapid development of consumer-grade, high quality virtual reality head-mounted devices (HMDs), starting with the release of the Oculus Rift Graduate Student Consortium TEI '20, February 9-12, 2020, Sydney, NSW, Australia Developer Kit 1 in 2013, has made virtual reality available on a consumer-level, first and foremost in the gaming industry, but also in areas such as health care (e.g., [22, 35] ), education and training (e.g., [36] ), remote collaboration (e.g., [19] ), tourism (e.g., [21] ), transportation (e.g., [40] ), and many more.
The use of HMDs to become immersed in a virtual reality is not without its fair share of issues in terms of user experience, usability and affordances, however. Apart from user-specific issues such as motion sickness; technologyspecific issues such as framerates and delays; and ergonomic issues; one major issue is that once a person starts wearing an HMD (especially a fully vision-obscuring one like most VR headsets), their visual -and sometimes auditory -connection to the 'real' world is reduced, often to the point on non-existence [24] . This affects the immersed user through a sensorimotor mismatch, i.e., her visual/auditory input does not line up with input from other senses, most notably proprioception and touch [37] . Furthermore, in social situations, bystanders who are not immersed in VR are excluded from the experience [10] .
On the other hand, however, virtual reality technologies invite experimentation that makes use of, and transforms, exactly these issues. Forced sensorimotor mismatch, for example, can teach us new things about bodily perception and the sense of self that go far beyond the famous Rubber Hand Illusion [5, 18, 20, 23] . We can use unfamiliar and shared perspectives to gain better understanding of the other and the world around us [8, 16, 26, 34] . Additionally, virtual reality technology, and the virtual space created thereby, can be used without occluding vision [1] , and in fact, to bridge distance between people [3, 17, 27] .
RESEARCH QUESTION
In my thesis, I employ a Research through Design methodology [46] , designing several instances of new virtual reality applications, and analysing their effect on (self-)perception, social interactions and embodied sensemaking. This process, and the designs, are guided by the following research question:
How are structures of embodied sensemaking affected when people interact with the world and each other from unfamiliar perspectives and disembodied states?
As embodied human beings, our (inter-)actions are situated in the world [33] , meaning that we 'walk into' situations and (intelligently) respond to them [33, p. 38] . The characteristics of our physical world are predictable, and from birth onward, we grow accustomed to the way our environment mediates our actions [9, p. 97] . We are used to interacting with a world that is organized when it comes to meaning [9, p. 79] . In conventional situations, where one interacts with the world from their familiar perspective, one can derive meaning from common embodied behaviours, such as gestures, body posture, gaze direction, as well as social behaviors, such as turn-taking and eye-contact. These behaviours are well-established in our normal day-to-day life, and we have learned how to employ these behaviours and respond to behaviours of others from a young age. Therefore, although sensemaking is a continuously ongoing process, it generally happens automatically, without much effort.In unexpected situations, however, such as when interacting with different cultures, solving complex problems or encountering unknown environments or people, breakdowns of sensemaking can occur.
Using Virtual Reality technology, however, both our social and physical reality can enter an altered state. In this altered state, common embodied and social behaviors need to be renegotiated, often by trial and error, leading to and learning from breakdowns of sensemaking. The virtual space -whatever shape or form it takes -needs to be imbued with new social and embodied meaning through mutual practice of all participants. This process of sensemaking in a disembodied state will inform the analysis of the elements of (self-) perception, social interaction, and embodied sensemaking from unfamiliar perspectives, and in turn further inform us about the structures of embodied sensemaking.
In this endeavour, I aim to go beyond computer-generated virtual realities, but instead combine the real world with VR technologies, such as 360°cameras and tangible objects. I will investigate the role of visuomotor (mis-)matches, tangible objects and dislocation on the perception of the self and the understanding of the environment, as well as others. The findings and conclusions from my work will help to inform and further construct the framework of embodied sensemaking.
FRAMING
In the following section, I will briefly establish the theory that supports my research question, and position my own work in relation to these theroies.
Embodied Interaction
Embodied cognition is the theory that cognitive processes -acquiring knowledge and understanding -are rooted in bodily interactions with the world [41] . Our thoughts and experiences are shaped through the interaction between the brain, the body and the environment. It can be seen as ongoing (social) coordination between our bodies and the world in which they act [9, p. 72 ]. There is no experience of the world, and therefore no perception of the world, without the body. Cognition and the body cannot be separated [25, p. 72] : when moving an object, people don't separately instruct their bodies to move from one state to another. The body in direct, situated action [33] is therefore a central part of human cognition.
Theories of embodied interaction describe the way people interact with the world, using sensorimotor couplings to support the social coordination between them and others [14] . It is the creation, manipulation and sharing of an understanding of the world around us, through interaction with that world, artifacts in it and the social context in which this understanding arises [9, p. 89 ]. The body, informed by our senses (most notably our visual sense, see, e.g., [44] ), plays a major role in our experience of the world and the way we understand it.
Embodied Sensemaking
Sensemaking is the creation of meaning [7] , a process that is ongoing, social, and often unconscious [39] . In processes of social embodied sensemaking, people have to understand one another, and their environment, in order to respond appropriately [7] . They do so by interacting with the world and others [14] . Making sense of what another person intended, is the result of ongoing interpretation, rooted in our embodied being and supported by cultural history [38, p. 149-150] . Misinterpretations -such as the misunderstanding of a culturally based metaphor -can lead to breakdowns in sensemaking [42] . However, these breakdowns, and recoveries from breakdowns, constitute the creation of (new) understandings of the construction of embodied sensemaking.
Sensory Modalities
If we look at sensemaking for an embodied perspective, we infer that there is an ongoing sensorimotor coupling to the world an other people in it [14] . Through our sensory modalities, we can create a schema of our body that guides us in interacting with the world [44] . Our senses -especially our visual sense -are the starting point of our perception of the world: it shows us the facets of our surroundings, the people and the objects in it, from our first-person perspective [25, p. 80] Mismatches of sensory information, e.g, where our visual sense does not line up with our proprioceptive sense, are not accepted by the mind, and the body generally resolves those in favor of one of the senses [6] (cf. the seminal paper on the Rubber Hand Illusion [5] ). As such, people still experience agency over their body, even when the sensory modalities report conflicting sensations, for example in virtual environments [2] , and can continue to make sense of their environment.
APPROACH
In my thesis, I exploit the rapid improvements of VR technologies to create new, unfamiliar perspectives on the world. By immersing people in perspectives that are different from their usual first-person perspective, I study how people make sense of these new perspectives, how they interact in new, embodied ways with their environment and others. I do not aim to create computer-generated Virtual Environments, but instead create new, unfamiliar experiences in the actual world, leading to meaningful interactions with the environment. These interactions -and the breakdowns that occur while interacting in this different way -will inform our understanding of Embodied Sensemaking. I will analyse people's interactions with and use of these experiences, exploring what (new) strategies are employed to make sense of the perspectives that they are confronted with, intending to find contrasting sensitivities that will contribute to our current understanding of Embodied Sensemaking. To this end, I use virtual reality technology, but I do not create virtual environments.
My work starts from a project-based, Research through Design approach [46] . The theory about Embodied Interaction (such as [38] ) and Embodied Sensemaking (such as [7] and [14] ) and the development of virtual reality technology inform the conceptualization of projects (described in the next section). These projects are initially explored from a constructive, qualitative point of view, through e.g., observations and interviews. Form these initial explorations, interesting and surprising findings are then further studied using a quantitative approach, e.g., by performing lab and field studies that are informed by, amongst others, questionnaires (e.g., for presence in virtual reality [43] or games [13, 28] ), video analysis [4] , and task completion time [45] . The results from the quantitative approach, combined with the findings from the qualitative explorations, will lead to new insights into the mechanisms that underlie Embodied Sensemaking.
EXPECTED CONTRIBUTION
I expect my work to contribute to the current understanding and frameworks connected to embodied sensemaking, and on a larger scale, embodied interaction. Using VR technologies to look at the body, environment and interaction in new and unexpected ways will offer us new perspectives -and thus better understanding -of the processes connected to embodied sensemaking. As such, I am not invested in coming up with a new framework to design for embodied sensemaking per se, but envision my work to contribute to current frameworks and understandings, such as: [14] , [15] , [12] , etc. The outcomes of my work can therefore range from prototypes used in a Research through Design approach, new methods and design principles to design for embodied sensemaking/embodied interaction, or, if needed, a stand-alone or complimentary framework of designing for embodied sensemaking supported by VR technology.
STATUS AND CURRENT RESULTS
In the following section, I describe two subprojects in which I have used VR technologies to design new experiences in real space. Both subprojects have been explored from a qualitative point-of-view, and selected findings of these explorations are currently being studied in a quantitative manner.
Project 1: VR Technology in a Scale Model
The origin of my work on virtual reality from different perspectives can be found in a project involving a scale model, in which a fully immersive, first-person perspective in the model was created [32] (see figure 2 ). Users could wear an HMD to explore the scalemodel from a first-person perspective, move furniture around and discuss the layout of the scalemodel with others. This setup was further developed with improved technology (see figure 1 , right).
Project 1: Quantitative Approach. After improving the setup for this first project, we have qualitatively explored the use of the system in several collaborative, creative sessions (see: [29, 32] ), during which participants were invited to give shape to the interior of the scale model in groups of three, while one participants was continuoulsy immersed in the firstperson perspective. Several interaction issues arose, namely: immersed participants reported a sense of 'bodilessness', i.e. their experience was largely visual, and it became difficult to interact with the real environment from their first-person, miniature perspective. Further, for the collaborators, it was hard to determine what the immersed person was looking at, as the immersed person's gaze direction was not visualized. Finally, the proportions of the scale model were hard to grasp for the immersed person. Participants often solved this by placing visual markers in the scale model (e.g., furniture, pens, etc.) to help the immersed person orient themselves.
Project 1: Qualitative Approach. Following this exploration, we conducted a study to evaluate how unfamiliar perspectives (in this case, a mirrored perspective and an ant's perspective) influence the sense of control and agency over the body, to assess whether this might influence the abovementioned sense of 'bodilessness'. In this study, participants individually perform a basic cognitive task (stacking blocks, see figure 1, left) from these two unfamiliar perspectives. Based on questionnaire findings and task-completion time, indications are that while the more familiar perspective (mirrored) is easier to navigate, neither of the two perspectives completely broke the sense of agency and control, and participants easily adjusted and became more skilled at the cognitive task as time went on. Table Top Games I am currently also investigating the role of 360°VR in (collaborative) table top games (see figure 1 , middle), as these games provide an excellent opportunity to investigate (social) sensemaking. For this, we developed a wireless live-streaming solution, so that a camera could easily be placed in various positions, and participants could freely walk around while wearing the HMD. Additionally, we have created a board game (checkers) that can be played with physical pieces in a dislocated setting (i.e., player 1 has the physical white pieces in location 1, and player 2 has the physical black pieces in location 2). Using VR tracking technologies and projection, we are investigating different visualization techniques and their effect on player satisfaction and experience of social presence between the dislocated players.
Project 2: VR Technology and
Project 2: Qualitative Approach. We have explored several board games both in the lab as well as during a studio workshop at TEI [31] . For these explorations, we have chosen games that explicitly relied on dexterous interactions, such a Jenga (a game in which players take turns removing blocks from a tower, without disturbing the structural integrity of the tower), Catacombs and Castles (a game in which players flick little disks across the playing board as a means to attack their opponent) and Santorini (a game in which players move construciton workers to build towers). These games were chosen to explore strategies that players employ to execute dexterous tasks from a new perspective, as well as how players use this new perspective -and the additional information that they gather from it -to their advantage when playing in a competitive setting. During the studio workshop at TEI, we also explored physical games (e.g.: playing catch, balance games, hide and seek). Interesting findings include: 1) Awareness of the position of the camera is paramount in these situations -when approaching a Jenga tower, for example, you need to be explicitly sure from which angle your hand will come in, lest you inadvertently knock the entire tower over. When playing catch, the position of the camera relative to your hand, arm and shoulder will inform the range of motion needed to catch the ball. 2) No matter how competitive the board game is (intended to be), players usually end up working together, as non-immersed players are often curious about the perspective of the immersed player and therefore ask questions about what they're seeing, and subsequently instructing the immersed player how to execute their next turn.
Project 2: Quantitative Approach. We are also currently investigating the sense of social presence and the extent of sensemaking in a dislocated checkers game, supported by virtual reality technology. Two pilot tests (n=6 and n=6) have been conducted that have led to surprising findings regarding the sense of social presence. In the pilot studies, three conditions were examined with different visualisations of the movement of the hand and checkers piece: from no visualization of movement (C1), to visualization of just the movement of the checkers piece (C2), to visualization of both the hand and checkers piece (C3). We had hypothesized that each respective visualization, from C1 to C2 to C3, would lead to an increase in the sense of social presence. However, both pilot studies indicated that in C2, visualizing the movement of the checkers piece without the hand, participants reported the lowest sense of presence. The prototype is currently being further developed for a larger-scale user study to see if we can replicate these results with a larger sample size.
PLANNED ACTIVITIES
I started my current position in May 2016 and can continue my work as a PhD student until September 2022. I will write a cumulative thesis, instead of a monograph. In the past three years, I have published several short papers, exploratory papers, and work-in-progress papers that support my thesis ( [29] [30] [31] [32] ). These papers represent the middle step of my research: informed by theory and the development of technology, I have designed several artefacts that I have explored in a qualitative way. These explorations have led to several interesting and surprising findings that I now want to further study in a quantitative manners. As explained in the previous sections, I have started to execute initial quantitative studies. I will continue to design larger experiments that will support the findings of the qualitative explorations and carry the red thread of my thesis. In addition to the studies mentioned in the previous sections, I intend to explore gaze visualization in both collaborative and competitive contexts, to find out its effect on sensemaking (e.g.: will non-immersed board game players still resort to helping each other out in a competitive game if they know what the immersed person is seeing?). I also intend to study a game more complex than checkers to assess the influence of task complexity on dislocated, collaborative sensemaking and sense of social presence.
PARTICIPATION
I have attended TEI for the last four years. It is the research community that fits best to my work, and the community that will hopefully benefit most from my work once it is published. To make sure that the work properly reaches and supports this community, I can greatly benefit from feedback from experienced members of the TEI-community, that will help me sharpen my work, identify knowledge gaps, and strengthen my methodology. I especially hope to gather insights and advice on the design of quantitative studies. Furthermore, I hope to use the Graduate Student Consortium to connect to other PhD-students in this community, from whose approaches, research questions, struggles and successes I can learn. 
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